Background: Carotid angioplasty and stenting (CAS) is now a viable alternative to carotid endartectomy (CEA) in patients considered to be high-risk candidates for surgery, despite recent reports of increased adverse periprocedural outcomes in elderly patients. We sought to evaluate our single-institution experience and the 30-day perioperative outcomes of CEA in patients 75 years or older, who are traditionally considered high-risk surgical candidates and are recommended for CAS.
Conclusions:
Carotid endarterectomy in elderly patients with significant comorbidities, traditionally thought to be a high-risk undertaking, is a safe procedure with periprocedural risks of stroke, death, and MI equivalent to those of younger patients. In light of the increased stroke risk in elderly patients with CAS, CEA remains the criterion standard for prevention of stroke in this patient population.
Arch Surg. 2008; 143(8) : [736] [737] [738] [739] [740] [741] [742] R ESULTS FROM 2 LANDMARK prospective randomized clinical trials have established carotid endarterectomy (CEA) as the criterionstandard treatment for both high-grade symptomatic and asymptomatic carotid artery stenosis. 1, 2 The relatively strict inclusion and exclusion criteria for these influential surgical trials resulted in exclusion of many patients considered high-risk candidates for surgery. The North American Symptomatic Carotid Endarterectomy Trial (NASCET) and Asymptomatic Carotid Atherosclerosis Study (ACAS) excluded patients 80 years or older and those with certain comorbidities that were thought to increase the risk of stroke and perioperative complications. 1, 2 The incidence of stroke is known to increase dramatically with advancing age, as does stroke-related morbidity and mortality; by 85 years of age, stroke is the second leading cause of death, and these patients stand to gain the most from stroke prophylaxis via CEA. 3 Secondary analysis of the NASCET data has demonstrated that patients 75 years or older derive a better outcome after CEA, especially those with severe stenosis. 3 In patients with 70% to 99% stenosis, the absolute risk reduction of ipsilateral stroke at 2 years is 28.9%. These patients represent a large proportion of the population with cerebrovascular disease and would benefit the most from stroke prophylaxis.
Carotid angioplasty and stenting (CAS) has emerged as a potential alternative to CEA and, owing to its minimally invasive nature, is thought by some to be the preferred alternative to CEA in patients considered high-risk candidates for sur-gery. At present, this assertion lacks adequate support from the literature, and there is little adjudicated evidence on the long-term efficacy of CAS. 4 Studies on the outcomes of stenting in elderly high-risk patients show unacceptably high rates of perioperative stroke in the range of 8% to 19.2%. [5] [6] [7] [8] [9] Furthermore, a uniform reliable definition of what constitutes a high-risk patient has remained elusive.
Because patient classification as high risk does not absolutely contraindicate CEA, we have focused on this patient subset to assess our perioperative outcome of CEA in patients classically considered high risk and compared it with those of reported series. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] We hypothesized that the rate of 30-day periprocedural complications in elderly high-risk patients undergoing CEA would be no higher than that of traditional-risk patients. The purpose of this study was to determine the perioperative morbidity and mortality in patients deemed to be at high risk for complications after CEA on the basis of advanced age and antecedent comorbidities.
METHODS
Medical records for all patients 75 years or older who underwent CEA from January 1, 1990, to March 31, 2006, at the University of California, San Diego, Medical Center were retrospectively reviewed after institutional review board approval. Patients were identified by the Common Procedural Terminology codes for CEA. Inclusion criteria were all primary and reoperative CEAs performed on patients 75 years or older. Exclusion criteria were concurrent surgical procedures.
Clinical, demographic, perioperative, and 30-day periprocedural data were collected from the medical records, operative logs, and clinic visits. Postsurgical data were obtained for the entire period inclusive of the in-hospital stay and follow-up for 30 days after the procedure. Clinical presentation and the extent of cerebrovascular disease were recorded. Perioperative surgical variables were abstracted and included the American Society of Anesthesiologists class, emergent or elective nature of the case, anesthetic technique, and existence of a "hostile neck" (ie, prior neck surgery, neck irradiation, or spinal immobility). Specifics of surgical technique were also recorded.
Primary outcome measures were the occurrence of 30-day perioperative stroke, death, or myocardial infarction (MI). Primary end-point variables were also combined into a composite outcome of stroke, death, or MI because this is emerging as the current convention for describing postoperative outcomes in CAS procedures. 20 Postoperative stroke was defined as any new neurologic deficit persisting longer than 24 hours. Strokes were characterized as ipsilateral or contralateral to the distribution of the carotid artery that underwent the intervention. Myocardial infarctions included Q-wave and non-Q-wave events and were diagnosed by electrocardiographic changes and/or elevations of plasma cardiac enzyme levels. Death was differentiated as being stroke or non-stroke related.
Secondary outcomes were the incidence and nature of postoperative complications occurring within 30 days of the primary procedure, exclusive of the primary outcomes of stroke, death, or MI. Noninfarction cardiac events were classified as new arrhythmias, exacerbation of congestive heart failure, and hypotension or hypertension requiring continuous drip medication in a monitored setting.
Systemic complications were characterized by organ system. Local complications included cranial nerve injuries and hematomas or seromas requiring operative intervention.
STATISTICAL ANALYSIS
All primary and secondary events occurring within 30 days of surgery were recorded. All data were tabulated in the form of continuous and categorical variables. Frequencies were computed using commercially available software (Prophet; AbTech Corporation, Charlottesville, Virginia).
RESULTS

DEMOGRAPHIC AND CLINICAL CHARACTERISTICS
Of the 347 consecutive CEAs performed at our tertiary care academic referral center, 135 (38.9%) were performed on 128 patients 75 years or older. One hundred seventeen CEAs were performed on 110 patients meeting the inclusion criteria and included in the study. Seven patients had sequential CEAs for bilateral carotid disease. Eighteen patients were excluded from the original 128 (1 subclaviancarotid bypass; 3, combined CEA and coronary artery bypass grafting; 2, combined CEA, coronary artery bypass grafting, and heart valve replacement; and 12 with incomplete medical records). Operations were performed by 12 different vascular surgeons (including N.A.) using the operative technique of their choice.
The mean patient age was 80 years (range, 75-93 years) and 59.0% were male ( Table 1) . Comorbidities were well represented among this cohort (Table 1) , including 59.8% who had coronary artery disease, 29.1% who had a prior MI, 36.0% who had undergone prior coronary artery bypass grafting, and 12.8% who had undergone percutaneous transluminal angioplasty.
CEREBROVASCULAR DISEASE AND SURGICAL VARIABLES
Cerebrovascular disease was symptomatic in 50.4% of patients, with transient ischemic attacks being the most frequent presentation in 36.8%, followed by nondisabling stroke in 14.5% ( Table 2) . Fifty-two patients (44.4%) had contralateral internal carotid artery stenosis, defined as at least 50% stenosis. The percentage of stenosis was stratified into the following 3 categories: 50% to 69%, 70% to 89%, and 90% or greater. Seventy-two procedures (61.5%) were performed on patients with more than 90% stenotic lesions. Most of the procedures were performed on more than 90% stenotic lesions in the symptomatic (33 patients [55.9%]) and asymptomatic (39 patients [67.2%]) groups ( Figure) . All patients underwent preoperative carotid duplex ultrasonography, which was the sole modality used to assess extracranial carotid disease in 58.1% of patients (Table 2) .
Eighty-two patients (70.0%) were American Society of Anesthesiologists class III, and 97.4% of the procedures were performed with the patient under general anesthesia (Table 2 ). Of the 3 procedures performed under local anesthesia, 2 were for severe chronic obstructive pulmonary disease and 1 was secondary to a risk of neck mobility due to an unstable second cervical spine dens fracture. Two cases were emergent, one for crescendo transient ischemic attacks and the other for stroke in evolu-tion. Fourteen patients (12.0%) had a hostile neck: prior neck surgery was the reason in 10 cases, spinal immobility in 1, and prior neck irradiation in 3. In 4.3% of the CEAs, the indication was recurrent carotid stenosis.
All patients were receiving an antiplatelet and/or an anticoagulant agent before and after the procedure. Aspirin use was prevalent in 89.7% of the patients before and in 94.9% of the patients after the procedure.
30-DAY PERIOPERATIVE OUTCOMES
Of 117 CEAs in patients 75 years or older, there was only 1 ipsilateral and 1 contralateral stroke, yielding a total stroke rate of 1.7% and an ipsilateral stroke rate of 0.9%. There were no stroke-related deaths and only 1 nonstroke-related death. There was 1 Q-wave MI and 3 non-Q-wave MIs, yielding incidences of total MI, Q-wave MI, and non-Q-wave MI of 3.4%, 0.9%, and 2.6%, respectively. Three of the MIs were diagnosed on the basis of electrocardiographic changes and elevated plasma creatine kinase-MB enzyme fractions; the fourth was diagnosed on the basis of enzyme fractions alone. All patients were treated medically and subsequently discharged.
The primary composite outcome of any stroke, death, or MI was 6.0% and that of any stroke or death was 2.6% ( Table 3) .
The 1 ipsilateral stroke (0.9%) occurred in a man aged 81 years with 50% to 69% right internal carotid artery stenosis who presented with left-sided hemiparesis that worsened on heparin anticoagulation therapy. Duplex ultrasonography of the carotid artery showed an irregular ulcerated plaque with thrombus in the right carotid bifurcation. The patient had a history of bilateral CEAs for symptomatic disease. A reoperative CEA was performed with intraoperative shunting, but postopera- tively the patient had a worsened left-sided hemiparesis and postoperative magnetic resonance angiography showed findings consistent with an extension of the right middle cerebral artery stroke.
The only contralateral stroke (0.9%) occurred in an 81-year-old man who had more than 90% left internal carotid artery stenosis, 50% to 69% right internal carotid artery stenosis, and 70% to 89% bilateral common carotid artery stenosis. After an uneventful left CEA, he presented on postoperative day 17 with left facial droop, hemiparesis, and imaging findings of a right hemispheric stroke.
There was 1 non-stroke-related death in an 87-yearold man who underwent an uneventful CEA for symptomatic disease. He underwent reintubation for respiratory failure and developed pneumonia, multisystem organ failure, and ventilator dependence. He demonstrated no lateralizing signs of a neurologic deficit. One month after surgery, cardiopulmonary support was withdrawn, the patient died, and an autopsy showed occult widespread metastatic prostatic adenocarcinoma.
One or more adverse secondary events occurred in 26.5% of patients (Table 3 ). There were 7 cases of newonset cardiac arrhythmia. Three episodes were due to symptomatic bradycardia, 3 to atrial fibrillation, and 1 to atrial flutter. There were 3 exacerbations of congestive heart failure requiring medical management. There were 3 cases of hypertension and 9 cases of hypotension requiring the administration of continuous drip medication in a monitored setting. Hypotension was defined as a systolic blood pressure of less than 90 mm Hg that did not improve with the administration of intravenous fluid and intermittent medications. Hypertension was defined as a persistently elevated systolic blood pressure of more than 160 mm Hg and/or diastolic blood pressure of more than 90 mm Hg that was not controlled with the administration of intermittent medications.
Four patients had postoperative pneumonia requiring antibiotic treatment and prolonged hospital length of stay. Exacerbation of chronic obstructive pulmonary disease occurred in 4 patients, 1 case requiring reintubation and 3 cases prolonging hospitalization.
Six hematomas and 1 seroma required operative evacuation. All of these patients were receiving aspirin therapy, 2 patients were also receiving warfarin sodium (Coumadin), and an additional 2 were also receiving clopidogrel bisulfate. Some of the surgeons at our institution discontinue warfarin use 3 days before the procedure and bridge the therapy with subcutaneous injections of a lowmolecular-weight heparin. This was the case in the 2 patients receiving warfarin who subsequently developed he- Figure.
The degree of carotid artery stenosis as classified by patient symptomatic status. In the symptomatic and asymptomatic groups, most of the carotid lesions were described as having greater than 90% stenosis. matomas. One patient had an international normalized ratio of 2.3 at the time of hematoma evacuation. The international normalized ratio was not checked in the second patient. There were 3 cranial nerve injuries constituting 2.6% of the total cases. All injuries were in nonreoperative cases. One was a recurrent laryngeal nerve injury presenting with significant hoarseness that was confirmed via fiberoptic laryngoscopy. The other injuries consisted of 1 hypoglossal and 1 marginal mandibular nerve neurapraxia, both of which were transient.
Mean postoperative length of stay was 2 days (range, 1-35 days). Five patients (4.3%) required readmission for a complication. Mean readmission length of stay was 7 days (range, 2-13 days).
COMMENT
Prospective randomized trials have clearly established CEA as the criterion standard in the management of symptomatic and high-grade asymptomatic carotid stenosis in good-risk patients, yielding perioperative stroke and death rates of 5.8% (NASCET) 1 
and 2.3% (ACAS).
2 These studies excluded patients who were 80 years or older and those with certain comorbidities who were thought to have a higher risk of stroke and perioperative complications; therefore, generalizability of the results to excluded patient populations remains limited. Several nonrandomized observational studies have demonstrated the safety of CEA in elderly patients, yielding acceptable perioperative stroke and death rates in the range of 0% to 4.5%. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] We report our series of 117 CEAs performed in elderly patients and demonstrate 30-day perioperative rates of stroke, death, and stroke or death of 1.7%, 0.9%, and 2.6%, respectively.
Carotid angioplasty and stenting has been advocated for this specific elderly population who are considered highrisk surgical candidates; however, several studies have demonstrated advanced age as a risk factor for adverse outcomes in CAS. [5] [6] [7] [8] For CEA to be an acceptable treatment, the American Heart Association 21 guidelines have established periprocedural stroke and death risks of 6% and 3% in symptomatic and asymptomatic patients, respectively, and CAS should at minimum be subjected to these same standards to confer clinical effectiveness.
Several trials comparing CAS with CEA have been published 8, 9, [20] [21] [22] [23] [24] [25] [26] [27] [28] ; however, they have not demonstrated an equivalency or superiority of CAS to CEA, and a metaanalysis 29 concluded that there was insufficient evidence to favor a change from CEA in clinical practice. Two trials have been stopped secondary to safety concerns associated with CAS. 9, 26 The results of 2 additional randomized controlled trials 9 ,27 comparing CAS and CEA have become available, and a preliminary report of a meta-analysis 28 incorporating all 7 randomized controlled trials demonstrated significantly higher periprocedural death or stroke rates in CAS compared with CEA patients (8.25% vs 5.9%).
Two trials have specifically assessed the outcome of CAS in elderly high-risk patients. 8, 20 Results from the lead-in phase of the Carotid Revascularization Endarterectomy vs Stent Trial (CREST) revealed that rates of periprocedural stroke or death were significantly higher for older patients than they were for younger patients (12.1% vs 4.0%). 8 The Stenting and Angioplasty With Protection in Patients at High Risk for Endarterectomy Study (SAPPHIRE) was the first multicenter study comparing stenting with cerebral protection vs endarterectomy in patients considered at high surgical risk. 20 Based on an intent-totreat analysis, the perioperative event rates of stroke or death were 3.6% and 1.2%, respectively, for stenting and 3.1% and 2.5%, respectively, for CEA, which were not significantly different. In the 30-day periprocedural period, the cumulative incidence of stroke, MI, or death was 4.8% among the patients receiving CAS and 9.8% among those receiving CEA. Although these events were lower with CAS, the difference did not reach statistical significance. However, the primary end point of death, stroke, or MI within 30 days or death or ipsilateral stroke within 1 year demonstrated that CAS was not inferior to CEA.
With the exception of these 2 trials, subset analysis for adverse events in elderly patients are not available. Several contemporary observational studies have attempted to define the high-risk patient for CEA based on age criteria, 10 ,11 SAPPHIRE eligibility, 12, 13 NASCET/ACAS ineligibility, 14, 15 or predefined patient comorbidity, [16] [17] [18] [19] and most have demonstrated adverse event rates within the acceptable guidelines of the American Heart Association. Stroke and death are the traditional end points reported in the carotid literature, and these studies demonstrate perioperative rates of stroke (0%-2.5%), death (0%-3.5%), or stroke and death (0%-4.5%) in these high-risk cohorts. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Our current series demonstrated rates of stroke, death, and stroke or death of 1.7%, 0.9%, and 2.6%, respectively, which is commensurate with these established studies and with the NASCET and ACAS periprocedural outcomes. This finding lends support to the assertion that CEA can be performed in this age group with no greater risk and with effective stroke prophylaxis.
With CAS being a less invasive procedure and with the introduction of cardiac morbidity as a major end point in the SAPPHIRE trial, we looked at MI as a primary end point. Our perioperative rates of Q-wave, non-Q-wave, and total MI were 0.9%, 2.6%, and 3.4%, respectively. In NASCET, the perioperative MI rate was 0.9%, and in ACAS there was 1 reported MI; however, patients with significant cardiac disease were excluded from these trials. 1, 2 In the actual treatment analysis of the SAPPHIRE trial, patients undergoing stenting had a significantly lower rate of periprocedural MI (1.9% vs 6.6%); however, a significantly higher percentage of patients in the stenting arm had undergone previous coronary revascularization and percutaneous transluminal angioplasty, rendering this a failure of randomization with regard to one of the major end points of the trial. 20 The rates of perioperative MI in the high-risk CEA series ranges from 0.6% to 3.1%. [11] [12] [13] [14] [17] [18] [19] Our rate of MI of 3.4% is slightly higher but comparable to these studies. An accurate comparison of cardiac events between studies can only be validated if similar standardized protocols are used to assess for myocardial damage or cardiac events.
An analysis of secondary outcomes yielded a total morbidity of 26 bidity of 10.5% that was significantly higher in the highrisk group and in patients 80 years or older (13.15% and 14.7%, respectively). Illig et al 14 found a higher complication rate of 40.5% in elderly patients. These differences are likely due to variations in reporting. Although elderly patients have a higher rate of complications, this does not seem to result in a worse primary outcome.
Advocates for CAS note that it minimizes the morbidity of a neck incision and cranial nerve injury. Our rate of cranial nerve injury was 2.6%, which was lower than that reported in NASCET (7.6%) 1 and the surgical arm of SAPPHIRE (5.3%). 20 In high-risk CEA series, cranial nerve injury ranges from 2.9% to 7.1%. 11, 12, 15, 17 Because cranial nerve dysfunction is routinely assessed on postoperative physical examination, we believe that our 2.6% rate is accurate within the limits of a retrospective analysis.
A recent review of the available evidence regarding the selection of patients for CAS vs CEA suggested that, in elderly patients, CEA is preferable to CAS. 4 The higher rate of neurologic events in elderly patients may stem from the fact that advancing age is associated with increased aortic arch tortuosity and calcification, leading to an increased likelihood of atheroembolism during catheter manipulation. 4 New cerebral focal ischemic lesions were detected in 40% of surgical high-risk patients after CAS, and most lesions occurred in areas outside the target vessel undergoing the intervention, suggesting that the emboli originated from the aorta as a result of catheter manipulation despite use of a distal filter protection device. 30 
CONCLUSIONS
Carotid endarterectomy has proved to be a durable procedure with relatively low and acceptable perioperative stroke and death rates, even in elderly patients considered to be high-risk candidates for surgery. The limitations of this study are its single-institution retrospective nature and the smaller number of patients reviewed who fit the study criteria. However, this study demonstrates that CEA in high-risk elderly patients can be performed with a rate of stroke or death that rivals that of the younger population. The most salient datum is that stroke risk increases significantly with advancing age, and any treatment must first and foremost be effective at significantly reducing that stroke risk. From this study and the available literature-particularly the alarmingly high periprocedural stroke rate in this cohort undergoing CAS-it is clear that CEA remains the treatment of choice in the elderly patient.
INVITED CRITIQUE
D
uring the next 15 years, the number of individuals older than 65 years will increase by 50% and, during the next 40 years, that group will grow by 135%. The most rapid increase will be among our oldest elderly, those older than 75 years. Furthermore, individuals older than 75 years have 5 to 6 times the stroke incidence of younger adults. Selecting the most appropriate treatment of carotid disease in this demographic group is a critically important health care issue.
Because NASCET 1 and ACAS 2 excluded elderly individuals from randomization, it has been assumed over the years by some, and in particular today by advocates of CAS, that elderly patients a priori are at increased risk of CEA complications and perhaps would be better served by CAS. The report by Suliman et al adds to a voluminous literature published during the past 20 years refuting that premise. In a series of 117 CEAs performed on 110 patients 75 years or older by 12 different surgeons during a 16-year period, the combined stroke and death rate was only 2.6%. These results are particularly remarkable when one considers that 50.4% of these patients underwent CEA for symptomatic carotid artery disease.
The report would have been considerably strengthened by comparing these results with those of a contemporaneous series of younger patients undergoing CEA in their institution. Nevertheless, these data will perhaps help to finally put an end to the notion that advanced age is a "high" risk factor for CEA. In the recent carotid stent CAPTURE (Carotid ACCULINK/ACCUNET Post Approval Trial to Uncover Unanticipated or Rare Events) registry, 3 in which close to 90% of patients had asymptomatic carotid disease, the periprocedural stroke and death rate among elderly patients was 8.9%. Not only is CEA a safe procedure for elderly patients, but it clearly represents the treatment of choice for the vast majority of elderly patients with significant carotid artery disease. That is an important "take-home" message from this excellent series. 
